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ABSTRACT: The h u m a n  impact in the German Bight, in the form of anthropogenic  eutrophication, 
has been  documented  by a 30-year time-series measurement  near  the island of Helgoland. Since 
1962, the Biologische Anstalt  Helgoland has measured  inorganic nutr ients  and  phytoplankton 
abundance  from daffy samples at Helgoland Roads, a position 60 km off the main source of 
eutrophication, the River Elbe. Since the early 'sixties, phosphate  concentrations rose for about  a 
decade, levelling off to about twice the former concentrations for another  decade, and  then 
decreasing (since 1982) as a result of phosphate-reducing measures.  Nitrate concentrations, how- 
ever, have  only increased since 1980/81, following Elbe river flood events. In 1987, three t imes the 
former concentrations were reached. A decrease has  b e e n  observed only since 1991. This different 
development  of phosphorus and nitrogen eutrophication led to a shift of inorganic N/P-ratios in the 
German  Bight. The phosphate  increase was more pronounced in the  late summer  "regenerat ion 
mode" conditions, the nitrate increase in the winter months.  The eutrophication is not restricted to 
the inner  German  Bight and coastal waters of a salinity of < 33, but  has also occurred in more saline 
waters at S > 33 psu (practical salinity unit), as characteristic for the outer German  Bight. In this more 
saline water, phosphate  and nitrate maximum levels occurred three years later, compared with the 
average Helgoland data, which are more representat ive of the inner  German  Bight. It is suggested  that  
suspended particulate organic matter, as a long-distance carrier of nutrients, might  have  caused this 
delayed eutrophication in the outer German Bight waters. While the h u m a n  impact  is obvious as to 
nutr ient  concentrations, it is less obvious in phytoplankton stock enhancement .  A general  increase 
in phytoplankton biomass (about 3-4 times) was found, but  this was mainly due to unidentif ied 
nanoflagellates of unknown trophic state, and subject to methodological  errors. The causal relation- 
ships of phytoplankton stocks and eutrophication are not  clearly understood, as natural  variability is 
large and hydrographical  factors possibly dominate. Additional nutr ient  input by Elbe river floods 
did not always result  in elevated phytoplankton stocks near  Helgoland, while extended periods of 
vertical density stratification of the German  Bight water  caused large p lankton blooms. 

I N T R O D U C T I O N  

T h e  h u m a n  i m p a c t  in  t h e  G e r m a n  B i g h t  d e p e n d s  no t  on ly  o n  t h e  loca l  r i v e r i n e  

i npu t s ,  b u t  a lso  o n  t h e  v o l u m e  of t h e  coas t a l  w a t e r  a n d  o n  t h e  r e s i d u a l  c u r r e n t  s y s t e m  of 

t h e  s o u t h e r n  N o r t h  Sea .  T h e  p o s i t i o n  of t h e  e s t u a r i e s  of t he  m a i n  r ive r s  t h a t  d r a i n  c e n t r a l  

Eu rope ,  a l o n g  w i t h  t h e  c o u n t e r c l o c k w i s e  r e s i d u a l  c u r r e n t  p a t t e r n  w h i c h  ca r r i e s  r ive r -  

b o r n e  s u b s t a n c e s  f rom w e s t  to eas t ,  f a v o u r  t h e  a c c u m u l a t i o n  of e u t r o p h y i n g  s u b s t a n c e s  in  

t h e  G e r m a n  Bigh t .  Local  a n d  d i s t a n t  sources ,  a n d  t h e  r e l a t i v e l y  s m a l l  w a t e r  v o l u m e  m a k e  

t h e  s h a l l o w  G e r m a n  B i g h t  a m a j o r  ( a n d  p r o b a b l y  t h e  m o s t  e x t e n s i v e )  e u t r o p h i e d  a r e a  of 

t h e  N o r t h  Sea .  R e v i e w s  s u c h  as  G e r l a c h  (1990), B r o c k m a n n  e t  al. (1988), a n d  N e h s s e n  & 

S t e f e l s  (1988) d e s c r i b e  t h e  h y d r o g r a p h i c a l  a n d  n u t r i e n t  s i t u a t i o n  of t h e  s o u t h e r n  N o r t h  
Sea .  

�9 Biologische Anstalt  Helgoland, Hamburg  
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S i n c e  1962, t h e  B i o l o g i s c h e  A n s t a l t  H e l g o l a n d  h a s  c o n t i n u o u s l y  m e a s u r e d  i n o r g a n i c  

n u t r i e n t s  a n d  p h y t o p l a n k t o n  n e a r  H e l g o l a n d ,  a s m a l l  i s l a n d  in  t h e  G e r m a n  B i g h t  (Fig. 1), 

a b o u t  60 k m  n o r t h  w e s t  of t h e  E l b e  r i v e r  e s tua ry ,  w h i c h  is t h e  m a i n  s o u r c e  of f r e s h w a t e r .  
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Fig. 1. The German  Bight with the island of Helgoland (monitoring station). Sahnity isopleths show 
the Elbe river water  plume after a flood event  in 1954 (Kalle, 1956}, depicting the typical  situation of 

a particularly large fresh water  inflow into the German Bight 
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Figure  1 includes  the isopleths of surface salinities, which show the character is t ic  
sp read ing  of the Elbe river water  p lume after a large  river flood event.  This example  from 
Kalle (1956) was chosen because  of the close spacing of sampl ing  stations, opt imal ly  
covering the river plume. This flood event  shows that  the river p lume ex tends  be tw e e n  
the peninsu la  of Eiders tedt  and  the is land of Helgoland;  the Helgo land  Roads sampl ing  
station is easily r eached  by  the river plume,  should the wind turn to an eas ter ly  direction. 

The He lgo land  Roads t ime-ser ies  is one of the longest  - and  cer ta inly the  one with 
the  shortest  t ime-intervals  - of the  da ta  sets from the North Sea; it  provides  an adequa t e  
da ta  set to descr ibe  and  eva lua te  the eutrophicat ion process in the G e r m a n  Bight. The 
He lgo land  da ta  have  been  ana lyzed  by  Lucht & Gillbricht (1978) with respec t  to nutr ients  
in relat ion to Elbe river input, and  H a g m e i e r  (1978) for the phy top lank ton  up  to 1974. 
Gillbricht (1983) inves t iga ted  a p lank ton  bloom event  and  he also (1988) ana lyzed  nutr ient  
and  phytop lank ton  dynamics  up to 1986. Radach & Berg (1986) and Radach  et  al. (1990) 
used  the da ta  up to 1984 for t rend  analyses;  Radach & Bohle-Carbonel l  (1990) ana lyzed  the 
structure and  variabi l i ty  of the He lgo land  da ta  along with meteorological  data.  

Major  changes  in nutr ient  concentrat ions and ratios have  occurred dur ing  the last 
decade  - not  covered  by  the above  publ icat ions  - in the Ge rman  Bight. These  were  
obviously a result  of human  interference.  The present  pape r  descr ibes  the  changes  in 
eut rophicat ion of the  seawater  near  the i s land of He lgo land  dur ing a per iod  of 30 years  of 
continuous measurements .  

METHODS 

Since 1962, t ime-ser ies  measu remen t s  of inorganic  nutrients,  phy top lank ton  stocks 
and hydrograph ica l  pa ramete r s  have  been  carr ied out at He lgo land  Roads (54 ~ 11.3' N, 
7 ~ 54.0' E), a nar row channel  b e t w e e n  the main  is land of He lgo land  and a small ,  sandy  
is land nearby.  Normal ly  at 9.00 h in the morning,  surface water  samples  are t a k e n  from a 
boat.  These  samples  were  taken  to be  represen ta t ive  of the wate r  column of only 5 m 
depth,  as strong t idal  currents mix the wate r  column. Salinity and t empera tu re  were  
de te rmined  5 t imes per  w e e k  from workday  samples;  nutrients and  p lank ton  3 t imes per  
w e e k  until  1974, and five t imes per  w e e k  since 1975. Silicate has been  m e a s u r e d  since 
1966. 

Salinity was measured with an inductive salinometer (except for the first years, when 
chloride titration was used). Inorganic nutrients were analyzed using standard methods 

according to Grasshoff et al. (1983), with some modifications. Water samples were 

analyzed for nutrients immediately after sampling, except for silicate which was analyzed 

from deep-frozen samples. 

The microplankton was counted with an inverted microscope after fixation with 

neutralized Lugol's iodine solution. The determination was done to the species or genera 
level, sometimes to higher taxonomic levels as the fixed material and fast counting 

procedure do not allow better identification. This was particularly true for the minute, 

naked nanoflageUates. Counted plankters were converted to organic carbon, using 
factors calculated from size and shape of the species based on Hagmeier (1961). These 

biomass values were summed up for diatom and non-diatom (= "flagellate") plankton, or 
basically nonmotile and motile phytoplankton. The "flagellates" thus included various 

taxonomic groups, of which the dinoflagellates dominated in biomass. 
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RESULTS 

Month ly  m e d i a n  va lues  were  used  for annua l  cycles, and  yea r ly  m e d i a n s  for in teran-  
nua l  var ia t ions and  trends.  The month ly  med ian  va lues  of inorganic  d i sso lved  or thophos-  
pha t e  (Fig. 2) show the increase  of p e a k  concentrat ions,  in winter ,  up  to 1981 and  their  
dec l ine  thereafter .  Min imum concentrat ions  after the  spr ing phy top l ank ton  blooms, or 
the  excess  phospha te  not  used  by  the blooms, indicate  no clear  trend.  The  monthly  
m e d i a n  values  of ni t ra te  (Fig. 3) show the increase  of p e a k  concentra t ions  in winter  as 
wel l  as of min imum concentrat ions in summer.  Sil icate concentra t ions  (Fig. 4) dec l ined  
unti l  1986, after p e a k  va lues  following Elbe river floods in 1975. Then  a d ramat ic  increase  
was  found al ter  the  Elbe river floods in 1987. 

The  annual  m e d i a n  values  of phospha te  and ni t rate  concentra t ions  (Fig. 5) show 
more  clear ly the different  deve lopmen t  of the two major  nutr ient  e l emen t s  in the pas t  
three  decades .  The  phospha te  eut rophicat ion s tar ted r i g h t  from the b e g i n n i n g  of the  
t ime-ser ies  in the 'sixties - following the introduct ion of de te rgen t s  on a la rger  scale. 
Almost  a doubl ing  of concentrat ions was  reached  after a decade ,  a leve l l ing  off for 
another  decade  and  a subsequen t  dec rease  to almost  the original  concentrat ions ,  o v e r  t h e  

last  years.  Nitrate concentrat ions,  however ,  inc reased  much later  (in the  ' e igh t ies  only), to 
reach  three  t imes the  former level  within a few years.  A decrease  was  o b s e r v e d  over  the  
last  2 years.  

It is necessa ry  to differentiate b e t w e e n  winter  and  summer  nutr ient  concentrat ions ,  
as these  represen t  the  situation of accumula ted  nutr ient  stocks before  the spr ing  phyto-  
p lank ton  b loom on the one hand,  and  the " regenera ted  nutr ient"  condi t ion  in summer,  
when  nutr ient  concentrat ions  are the resul t  of the difference b e t w e e n  reminera l i sa t ion  
and  consumpt ion  processes.  Figures  6 and  7 show - bes ides  the year ly  m e d i a n  va lues  - 
the  med ians  of win te r  ( January-March)  and  summer  ( June-Augus t )  values .  The  increase  
of phospha te  (Fig. 6) is la rger  in summer,  under  r e g e n e r a t e d  nutr ient  condi t ions,  while  
the  r ise of ni t rate  concentrat ions  (Fig. 7) is more ev ident  in winter.  

Due to the  different  deve lopmen t  of phosphorus  and ni t rogen eut rophicat ion,  the  
nutr ient  ratios in the G e r m a n  Bight have  change d  marked ly  (Fig. 8). A r egu la r  year -cyc le  
of the  N/P-ra t io  is normal,  with a P-surplus in summer  and an N-surp lus  in winter ,  as 
c o m p a r e d  with the "normal" ratio of N/P = 16, the "Redfield ratio".  This is b e c a u s e  the 
p h o s p h a t e  reminera l i sa t ion  p roceeds  faster  than  the n i t rogen reminera l i sa t ion ,  therefore  
phospha te  concentra t ions  increase  faster  (after the min imum following the spr ing  phyto-  
p lank ton  blooms) than  nitrate concentrat ions.  As ear ly as May, phospha t e  concentra t ions  
are  rising, while  n i t ra te  concentra t ions  are still declining.  While  this u s e d  to resul t  in a 
phosphorus  surplus in summer ,  now even  in summer  the N-surplus  remains ,  due  to the  
la rge  surplus of ni t ra te  in winter  which  is not used  u p  by  the phy top lank ton .  The  
ammonia  concentra t ions ,  which have  dec rea sed  dur ing  the last  two d e c a d e s  - as they  d id  
in Dutch coastal  w a t e r s  (Schaub & Gieskes,  1991), are  of dec rea s ing  quant i ta t ive  
impor tance  for the  inorganic  n i t rogen stock in the  waters  a round  He lgo land .  Typical  
monthly  med ian  va lues  in the  last  decade  range  from 1.5 to 6 ~mol dm -3. 

The winter  concentra t ions  of ni t rate  (Fig. 7) are  very high, which  is par t icu lar ly  
ev ident  in the  years  of high Elbe r iver  d i scharge  (1981, 1987, 1988; cf. a lso Fig. 1). The  
rise of ni t rate  concentra t ions  s ince 1981 was  corre la ted  with  Elbe r iver  d i scharge  
volumes;  therefore  a close nega t ive  correlat ion b e t w e e n  ni t rate  and  sal ini ty  was  found, 
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and  this correlation extends farther out into the German Bight than the phosphate-  
sahnity correlation does. The impact of large Elbe river floods on nu t r i en t  levels near  
Helgoland is shown in Figure 9, by comparing the years 1987 and  1988 (with large flood 
events) with the decade before. In 1987 and 1988, with almost twice as much  Elbe water  
discharge than normal, approximately a doubhng  of nitrate concentrat ions was found. 
The increase in  silicate concentrations was even greater: up to ten  times more in May/  
June  than in the years before. Phosphate concentrations, however, were not  elevated. 

DISCUSSION 

The difference in  phosphate and  nitrate eutrophication is thus most conspicuous and  
must  be  traced back to the main  source, the River Elbe. Many years of moni tor ing  of the 
Elbe water by the Wassergfitestelle Elbe (ARGE Elbe, 1990, 1991) have shown the 
different behaviour  of phosphate and  nitrate in relation to the river water  discharge 
volumes (Pig. I0, see also Lucht & Gillbricht [1978]). Phosphate concentrat ions follow the 
theoretical dilution curve; therefore the contribution of rainwater  and  wash-out  from the 
land cannot  be  very important. Nitrate concentrations, in contrast, do not  follow the 
dilution curve, but  increase in concentrat ion with increasing rainfall and  river discharge. 

While inorganic  dissolved phosphate behaves  hke a (constant) point  source, follow- 
ing the dilution curve (Pig. I0}, inorganic ni t rogen comes mainly from diffuse sources and  
depends  on wash-out  by rainfall. The agricultural runoff of excess fertilizer is a know n  
ni t rogen source in the rivers. In Germany,  ni t rogen fertilizer use has increased consider- 
ably (3-4 times) dur ing the last decades (ARGE Elbe, 1990), while the use of phosphorus 
fertilizer has not. Besides this source of nitrogen, wet  deposition of a i rborne n i t rogen from 
car exhausts and  intensive cattle b reed ing  increasingly adds to the n i t rogen  load of the 
rivers. Direct wet  deposition on the sea surface is becoming a significant N-source,  but  is 
thought  to be  of minor importance for the coastal water, with its high nu t r i en t  level. 

While r iverine sources might  explain rising concentrations of n i t rogen in the coastal 
water, the delayed nitrate-eutrophication process is less clear: nitrate concentrat ions 
increased about  a decade later than phosphate concentrations. This raises the quest ion of 
whether  the adsorptive capacity of soil particles for inorganic n i t rogen  had  to first be  
reached, in order to release inorganic ni trogen into the groundwater  and  the rivers. Such 
a process could explain the unexpectedly  rapid rate of the nitrate increase.  

The silicate concentrat ions seem to depend  a lot on discontinuous inject ions by large 
Elbe river floods which can obviously lead to an increase in silicate concentra t ions  of 3-10 
times. Additional data on horizontal gradients of Si, corresponding to those of salinity, 
show that  the  River Elbe is indeed  the main  source of elevated silicate concentra t ions  
(Hickel et al., 1989). In be tween  flood events, sihcate concentrat ions decrease from year 
to year, making  the role of silicate, as the first nut r ien t  to be  exhausted  in  the year  cycle, 
more and more likely. 

How far out into the North Sea can the eutrophication be measured? It is a general ly  
recognised s ta tement  that the salinity of 33 psu dehmits the coastal water  where  
increased nut r ient  concentrat ions from riverine sources are found (Report of the Expert 
Group on nutrients.  Oslo and  Paris Commission [Cohjn et al., 1992]). This was  tested 
using the samples from Helgoland time-series with a sahnity ~- 33 psu. Only  the winter  
values (from December  through to February) were taken, for minimal  in terference with 
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biological processes. Salinities of -> 33 psu represent  the water of the outer German  Bight, 
well outside the direct influence of the Elbe river water plume {Hickel, 1980}. Figures 11 
and 12 show the nutr ient  concentrations as m e a n  values of the respective winters (with 
95 % confidence intervals and no. of values}; the result is that the above assumption must  
be rejected. The increase m phosphate and nitrate concentrations are similarly large in 
the water  of S >- 33 psu, but  their peak concentrations occurred 3 years later than in the 
average Helgoland data. Maximum concentrat ions in the high-salinity water were found 
in winter  1975/76 for phosphate, and 1983/84 for nitrate. Compared with the yearly 
average values from Helgoland, the increase of phosphate  in the water with S -->_ 33 psu 
occurred even about  a decade later. 

As the eutrophication of the outer German Bight (represented by salirdfies of ----- 33) 
occurs later and is disconnected from reduced salinities, it seems likely that nutr ients  
were carried by p lankton and detritus (organic seston), going through cycles of sedimen-  
tation and remineral izat ion - which could explain the delay. This assumption becomes 
more credible as other evidence points to the same direction: the northernmost  German 
Wadden  Sea basin  (of Sylt) also showed a very delayed eutrophication (Hickel, 1980, 
1989), which can be explained by nutr ient  transports as organic seston. 

Other evidence for long-distance transport  of organic particles along the residual 
current  direction comes from the site of the oxygen deplet ion in  the bottom water  of the 
south-eastern North Sea. Extended areas of severe oxygen shortage have b e e n  found 
there since the early 'eighties, far away (about 100 km and more) from potential  sources 
of nu t r ien t  input (von Westernhagen et al., 1986}. Settlin 9 phytoplankton in the bottom 
water was found concentrated farther north, in the  direction of the residual currents, than 
blooms of the same species in the surface waters (Hickel et al., 1989) 

This paper  describes the human  impact in the German  Bight, using nutr ient  and  phyto- 
plankton data from the Helgoland time-series. The anthropogenic  influence on nutr ient  
concentrat ions and  ratios can be demonstrated:  the increase of phosphate levels dur ing  the 
'sixties and early 'seventies, the phosphate decrease as a result of P-reducang measures,  
and the late increase in nitrate in the 'eighties, led to a marked shift of the N:P-ratios. 

While the h u m a n  impact  on the German  Bight is clearly demonstrated in the case of 
inorganic nu t r i en t  increase, the impact  on phytoplankton  populations cannot  be as well 
shown. The increase of phyt0plankton stocks is not correlated with the increase of 
nutrients,  as expected and  as described ~or the eutrophying effect of the  Rhine river in the 
Dutch coastal water (Schaub & Gieskes, 1991). From yearly median  values (Fig. 13) an 
increase of total phytoplankton  biomass near  Helgoland of about  3-4 times is likely 
during the growth season of autotrophic phytoplankton.  Differentiation be tween  diatoms 
and flagellates - as yearly median  values for their respective blooming periods - s h o w  
that while diatoms might  have increased in the first decade, the flagellates did increase 
later on. with large in terannual  differences, however. Additional chlorophyll (data from 
1965-1978 [Hagmeier, unpub l i shed  data]) show maximum monthly  median  v a l u e s  of 
be tween  5 and 10 ~g chlorophyll a dm -3 in summer.  Average  phytoplankton carbon/  
chlorophyll a-ratios of 36-42 result from regressions of the data from the vegeta t ion 
period; they are wi th in  the range  g iven  b y R e i d  et al. {1990) for the Dutch coastal water. A 
rather high Y-intercept (1.5 ~g chlorophyll dm -3 in spring, 2.9 ~tg in late summer) at PPC 
= 0 could either be  interpreted as "dead chlorophyll" bound  in detritus, o r a s  loss of 
phytoplankton e.q. by  fixation. 
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Years 1962-  1991 
Fig. 13. Total phytoplankton biomass in the German Bight near Helgoland, 1962-1991: yearly 
median values of the growing season (mid-March - mid-September), upper graph.  Flagellate and 
diatom biomass, median values for their respective main growing season (potential blooming 

periods} 
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The observed increase in phytoplankton seems to be mainly due to naked  nano- 
flagellates, which could not be identified in the preserved samples. These  delicate 
species formed a large populat ion of about  5 ~g of organic carbon dm -3 in the first half of 
the period and  about  25 ~tg in the last decade; these populations were remarkably  
constant  throughout  the year. Overall, the flagellates smaller than  10 ~m were  about as 
numerous in winter  as in summer.  As light conditions in winter  are poor, in the turbid, 
t idally-mixed Helgoland waters, it is unl ikely that such a large and constant  populat ion of 
phototrophic flagellates could survive at this time. It is hard to believe that a net  primary 
production of autotrophic phytoplankton could occur in winter; the lack of a significant 
diatom populat ion in the Helgoland waters during that period also indicates this. 
Therefore the nanoflagellate population in the Helgoland waters should - at least in 
winter - be regarded as composed of the many known heterotrophic or mixotrophic 
species. The values in Figure 13 include the above-ment ioned fraction of nanoflagel lates  
of u n k n o w n  trophic state. 

In general,  the nanoflagellate numbers  cannot  be considered as reliable as the 
numbers  of armoured dinoflagellates and diatoms. This is because  many  of the minute, 
naked  nanoflagellates tend to disrupt by fixation, which is wel l -known from the literature 
(e. g. Reid et al., 1990). Among the successfully preserved nanoflageUates, m a n y  might 
disintegrate later after some period of storage, bu t  we have insufficient evidence of this 
effect in order to evaluate the present  data: in the first half of the series, part  of the 
plankton samples were stored for considerable (but varying) periods, contrary to the 
second half of the time-series, when  plankton samples were stored for only a few days. 
Unnoticed losses by different storage periods might thus add to the observed changes  in 
nanoflagellate stocks. 

As ment ioned  above, the causal relationship be tween  inorganic  nutr ient  eutrophica- 
tion and  phytoplankton stocks is not clearly demonstrable  from the Helgoland data. This 
is mainly because massive extra nutrient supply during large Elbe river flood events - 

such as in the years 1987 and 1988 (Figs 13 and 9) - failed to enhance phytoplankton 

stocks near Helgoland. A comparison between two periods of large Elbe river floods 

might be helpful to explain possible reasons for differing response of phytoplankton to 

Elbe river floods (Hickel et aL, 1992). While such flood events in winter and summer 1981 

resulted in the largest phytoplankton (Ceratium) blooms ever recorded in the German 
Bight, winter/spring floods in 1987 and 1988 had no such effect. The difference was an 

extended period of calm weather in 198 i, which, along with abundant freshwater inflow, 

led to a strong vertical density stratification, whereas in 1987/1988 no such stratification 

was observed, due to windy weather. Hence, the improved light condition in a stratified 

water column was probably the dominant factor for the plankton blooms. The varying 

hydrographic structure of the German Bight might be the reason why the response of 

phytop!ankton growth to eutrophication is so different from that in the Dutch coastal 

water : inf luenced by the River Rhine (Schaub & Gieskes 1991). 
In conclusion, the phosphate  time-series at Helgoland (Fig. 2) shows that measures  of 

reducing phosphate can be 'successful  over a rather short period. In contrast to this easy- 
to-manage point source, nitrate, as a diffuse source, will be more difficult to control. Its 
late increase, as compared with phosphate (Fig. 5), is not even  sufficiently understood. 
The horizontal extent  of eutrophication is larger than previously thought, a nd  this seems 
to be the result of nut r ient  transport in particulate form. Particulate organic matter  as a 
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ma jo r  l o n g - d i s t a n c e  car r ie r  of n u t r i e n t s  m u s t  b e  fu r the r  i n v e s t i g a t e d ,  in  o r d e r  to u n d e r -  

s t a n d  m e c h a n i s m s  of e u t r o p h i c a t i o n  a n d  pol lut ion.  

P h y t o p l a n k t o n  s tocks ,  as po ten t i a l l y  e n h a n c e d  by  e u t r o p h i c a t i o n ,  s e e m  to h a v e  

i n c r e a s e d  d u r i n g  the i r  g r o w t h  season .  But a d i r ec t  co r re la t ion  w i t h  n u t r i e n t  l oads  of t h e  

River  E lbe  w a s  no t  found ;  it is r a t h e r  t he  ver t ica l  d e n s i t y  s t ra t i f ica t ion  tha t  d o m i n a t e s  t h e  

p h y t o p l a n k t o n  m a s s  o c c u r r e n c e  in  s u m m e r ,  as an  e x a m p l e  f rom t h e  y e a r  1981 shows .  

On ly  if cond i t i ons  of s t ra t i f ied  w a t e r  co lumns  b e c o m e  m o r e  f r e q u e n t ,  is it l ike ly  tha t  t h e  

i m p a c t  of e u t r o p h i c a t i o n  on p h y t o p l a n k t o n  will  b e c o m e  m o r e  ef fec t ive .  But  this  e f fec t  wi l l  

b e  f o u n d  to b e  m o r e  p r o n o u n c e d  in t he  ou te r  G e r m a n  Bight  w a t e r s ,  w h e r e  n u t r i e n t  

c o n c e n t r a t i o n s  in  s u m m e r  are  c loser  to g r o w t h - l i m i t i n g  l eve l s  t h a n  n e a r  H e l g o l a n d .  S u c h  

ef fec ts  are  no t  suf f ic ien t ly  m o n i t o r e d  w i t h  t he  H e l g o l a n d  Roads  t i m e - s e r i e s ,  a n d  add i -  

t ional  r eg iona l l y  e x t e n d e d  t i m e - s e r i e s  w o u l d  be  r equ i r ed .  
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